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FOREWORD

This report was prepared by the Westinghouse Astronuclear Laboratory under Contract
NAS 3-2542. This work is administered under the direction of the Space Power Systems
Division of the National Aeronautics and Space Administration with Mr. P. E. Moorhead

acting as Technical Manager.

The work is being administered at the Astronuclear Laboratory by R. T. Begley, with
R. W. Buckman, Jr. serving as principal investigator. Other Westinghouse personnel con-
tributing are G. G. Lessmann, Weldability and Thermal Stability, and D. R. Stoner,

Oxygen Contamination.
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ABSTRACT

Development of dispersion strengthened tantalum base alloys for use in advanced
space power systems continued with the completion of a study of the effect of welding, aging,
and oxygen contamination on the ductile-brittle transition of six alloys. The alloys evaluated
included carbide, nitride, and carbonitride strengthened types, as well as two solid solution
alloys. Further processing and more detailed evaluation of alloy ASTAR-811C (Ta-8W-1Re-

0.7Hf-0.025C), a fabricable, creep resistant composition, was also carried out. Preliminary

test results indicate that a carbonitride strengthened composition was resistant to lithium

corrosion at 2000°F.
AUTHDE
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[. INTRODUCTION

This, the ninth quarterly progress report on the NASA-sponsored program "Development
of a Dispersion Strengthened Tantalum Base Alloy", describes the work accomplished during the
period November 20, 1965 to February 20, 1966. The work was performed under Contract
NAS 3-2542,

The primary objective of the current phase of this program is the double vacuum arc
melting of three compositions in the form of 60-pound, 4-inch diameter ingots. These composi-
tions are to be selected for potential sheet and tubing applications on the basis of their

weldability, creep resistance, and fabricability characteristics.

Prior to this quarterly period several promising tantalum alloy compositions were

(]). These alloys exhibited good creep resistance at 1315°C (2400°F), while main-

developed

taining adequate fabricability and weldability. From these alloys a weldable composition
containing a carbide dispersion (Ta-8W-1Re-0.7Hf-0.025C*) was selected and melted as the
first 4-inch diameter ingot (heat NASV-20). The bottom portion of this ingot was upset
forged and processed to 0.04-inch sheet. Another section was side forged and processed to

0.04-inch sheet and detailed information on processing characteristics was obtained. Eval-

vation of this sheet was initiated.

During this quarterly period, the scope of work of the contract was amended by NASA
to include a study of the effect of welding, aging, and oxygen contamination on the
ductile-brittle transition temperature of solid solution, solid solution plus carbide, solid
solution plus nitride, and solid solution plus carbonitride strengthened compositions. This
study is to be completed prior to the selection of the final two 4-inch diameter alloys. The
two solid solution strengthened compositions, Ta-8.5W-1.5Re-THf (NASV~19), and Ta-10W-
1Re~0.5Hf (NASV-21), were melted and processed to shee*. Evaluation of weld parameters
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and post-weld annealing treatments was completed and the evaluation of oxygen contaminated

material was completed with the exception of the 1000-hour aging treatment.

Evaluation of ASTAR-811C sheet (heat NASV-20) was also continued, including identi-

fication and morphology of the dispersed carbide phases.

Il. PROGRAM STATUS

A. WELDABILITY AND THERMAL STABILITY STUDY

During this period, the scope ot the contract was amended by NASA to include the
study of the effect of welding, aging, and oxygen contamination on the ductile-brittle

transition temperature of the following six compositions:

Heat No. Nominal Composition (w/0) Strengthening Additions

NASV-20 (ASTAR-811C)Ta-8W-1Re-0. 7Hf-0, 025C Solid solution plus carbide

NASV-18 Ta-5W-1Re-0. 3Zr-0, 04N Solid solution plus nitride

NASV-12 Ta-7. 5W-1. 5Re-0. 5Hf-0.015C  Solid solution plus carbide-
-0. 015N nitride

NASV-13 Ta-6. 5W-2, 5Re-0, 3Hf-0,01C Solid solution plus carbide-
-0.01N nitride

NASV-19 Ta-8. 5W-1. 5Re-1Hf : Solid solution

NASV-21 Ta-10W-1Re-0, 5Hf Solid solution

This study, outlined in Figure 1, is to be completed prior to the final selection of the remain-
ing two 4-inch diameter compositions. Sheet material of compositions NASV-12, NASV-13, and
NASV-18, was available from 2-inch diameter ingots prepared previously under this contract.

The two solid solution strengthened compositions, NASV-19 and NASV-21 were melted as

2-inch diameter ingots.




0.035 Inch Sheet
6 Compositions
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Weld Parameter
Series to Determine
Optimum Welding Condition

Oxygen Contamination
Series
(Two Oxygen Levels)

Post Weld Anneal Series
on Optimum Weld to Select

Post Weld Annealing Temperature

Bend Test
Evaluation

1

.

i

As-Welded

l |

As-Contaminated
As-Welded Plus As-Contaminated and Welded
Post Weld Anneal and Welded Plus Post Weld
Anneal
* *

1000 Hour Agi%g Treatment
F

at 1800

*High oxygen level only

FIGURE 1 - Outline of Weldability and Thermal Stabiiity Program
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Melting — Electrodes of compositions NASV~19 and NASV-21 were double vacuum
AC arc-melted to provide 2-inch diameter ingots. During the second melt of composition
NASV-19, the electrode shorted to the molten pool- and froze. A new electrode was
assembled from the portion of the ingot that could be salvaged plus a newly assembled
length of first melt electrode. This electrode was then double melted. Melting data for
compositions NASV=19 and NASV-21 are in Table 1. Both ingots had excellent sidewalls
and weighed approximately 7 pounds. Average hardness values of compositions NASV-19

and NASV=-21 in the as-cast condition were 272 and 262 VPN respectively.

Primary Breakdown — The 2-inch diameter ingots of NASV-19 and NASV-21 were
conditioned, plasma sprayed with molybdenum, and extruded at 1400°C (2550°F) to sheet bar

(4:1 reduction ratio). Both extrusions were of excellent quality.

Secondary Working — The extruded sheet bars of compositions NASV-19 and
NASV-21 were conditioned, annealed for one hour at 1650°C (3000°F), and cross-rolled to
0. 057 inch thick sheet. This sheet was then conditioned, annealed for one hour at 1700°C
(3090°F), and rolled to 0.035 inch thick sheet. Yields of rolled sheet ranged from 65 to 70

percent of the conditioned ingot weights.

Chemical Analysis — Chemical analyses results, obtained on compositions NASV-19

and NASV-21, are reported in Table 2. Samples from the bottom of the cast ingots and from
0.035 inch sheet, annealed for one hour at 1650°C (3000°F), were analyzed. A sample from
the tail of the extruded sheet bar representing the top of the as-cast ingot of composition
NASV-21 was also analyzed. Agreement between intended and analyzed compositions was

excellent, and the residual interstitial levels were very low.

Recrystallization Behavior — The one hour recrystallization behavior of compositions

NASV-19 and NASV-21 was determined on sections of 0. 055 inch thick sheet, which had

been reduced 90%. Data are recorded in Table 3. As in the case of the optimization alloys,

NASV-12 through NASV-18, these two compositions were fully recrystallized at 1500°C
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TABLE 1 - Melting Data for Compositions NASV-19 and NASV-21
— ——— = e —

Melt Melt Melt
Heat Composition Melt | Voltage Power Rate

No. No. (volts) (kw) (Ibs/min)
NASV-19 Ta-8.5W-1.5Re-1.0Hf | First | 22-23 40-45 2.1
Second Electrode shorted to pool
NASV—]9-2<O) Ta-8. 5W-1. 5Re-1. OHf First 24-27 45-50 1.8
Second | 30-33 70-75 3.4
NASV-21 Ta-10W-1Re-0, 5Hf First | 22-23 45-50 2.3
Second | 27-28 60-75 4.5

4

{(a) Electrode NASV-19-2 assembled from salvaged.portion of second melt
electrode plus a section of newly assembled first melt electrode.

(b) Pressure during melting, 5 x 10-‘4 torr.

TABLE 2 - Chemical Analysis of Compositions NASV-19 and NASV-21

=
Analysis (weight percent)
Heat Composition Position of W | Re Hf C N @)
No. Sample (ppm) | (ppm) | (ppm)
NASV-19| Ta-8.5W- | Bottom of cast ingot 8.8]1.42| 0.97 | 13 5 -
1. 5Re~THf | Sheet 8.7{1.44| 0,99 | 12 8 13
NASV-21]| Ta-10W- Bottom of cast ingot [10.0[ 1.03| 0.57 7 3 -
1Re-0, 5Hf
Top of extrudedsheet barfl0. 1{ 1.06| 0.54 | 44 12 -—--
Sheet 10. 1] 1.02 0.54 19 5 15
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(2730°F) with a grain size of 0. 012 mm (470u in. ), as determined by the standard line intercept
method. Formation of equiaxed grains was 90 to 95% complete after one hour at 1400°C

(2550°F).

Base Metal Bend Ductility — The ductile-brittle transition temperature of the base

metal of both compositions NASV-19 and NASV-21 was determined to be less than ~-320°F
(<-195°C). Data are recorded in Table 4. Both of these materials also had a minimum room
temperature bend radius of zero t, as determined by bending specimens through an angle of

180 degrees (i. e., over on themselves) with no observed fracture.

TABLE 4. Ductile=-Brittle Transition Temperqture(o) of 0.04 Inch Sheet
of Compositions NASV =19 and NASV-21]

Temperature No. Load Bend _ DBT'I;
Composition °F °c Angle (Degrees) Remarks F C
Ta-8.5W-1.5Re~ -320 -195 94 Bend <=-3201<-195
THf (NASV-19) =320 -195 95 Bend
Ta-10W-1Re- -320 -195 95 Bend <=320{<-195
0.5Hf (NASV-21) -320 =195 95 Bend

(o) Base metal sheet specimens were annealed for 1 hour at 1650°C (3000°F) prior
to testing. Bend radius used was 1.8t.

Mechanical Property Evaluation

a. Tensile Properties — Tensile data were obtained at 70,2200, 2400, 2600, and 3000°F
(21, 1205, 1316, 1427, and 1650°C) on specimens of compositions NASV-19 and NASV-21

which had been machined from 0. 035 inch sheet. Each specimen was annealed for one hour
at 1650°C (3000°F) prior to testing. Data are recorded in Table 5. The short time tensile
properties of these two compositions are similar to those of ASTAR-811C over the temperature

range of room temperature to 2800°F (1538°C).
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b. Creep Properties — Creep data for the solid solution alloys NASV-19 and NASV-21

are listed in Table 6. This data is plotted in Figure 2 using the Larson-Miller parameter.

Also included on the plot are values for T-111, T-222, and a band which represents the values

(2)

obtained for the dispersed phase strengthened compositions - '. The addition of small amounts

of rhenium to the Ta-W-Hf matrix results in a significant improvement in creep resistance and

(1)

. The exact strengthening mechanism responsible is not apparent

(6)

since short time tensile data show no difference between Re and W at the 1 a/o level™ .

confirms earlier observations

Although rhenium additions have a significant effect on creep resistance, the interrelation of
the hafnium content and interstitial level in alloys containing interstitial additions is also
important as illustrated by the data plotted in Figure 3. Here the stress dependence was
evaluated using the relation é=Ka" where ¢ = 1/t where t is the time to 1% strain, K is a
constant, and ¢ is the stress. The stress exponent n is evaluated by the relation (-g—:%g—:)]..
The high value obtained for the constant n for the dispersed phase strengthened alloys is
evidence of the effectiveness of the dispersed second phase in impeding dislocation motion.
However, detailed discussion of the mechanisms responsible will be deferred to a later report.
It is evident that even at 2600°F, the dispersed phase is an effective inhibitor of creep defor-
mation, However, increasing the hafnium content from 0.5 to 1% resulted in serious degradation
of the creep resistance at 2600°F. From liquid alkali metal corrosion considerations however,
a reactive metal such as hafnium is needed and the detrimental effect of the hafnium on creep

resistance can be offset by the interstitial addition.

Weldability and Weld Stability Evaluation

a. Weld Parameter Series — A series of 6 tungsten inert gas (TIG) bead-on-plate welds

were made on each of the six compositions listed on page 2 in order to evaluate the effects
of welding speed and weld width on the ductile-brittle transition temperature. The weld
parameters used are listed in Table 7, For each of the three welding speeds, currents were
selected that would result in welds of approximately equal width. The results of the weld
parameter study are shown in Table 8. The optimum set of weld parameters selected for use

throughout the rest of the weldability and thermal stability program are denoted by asterisks.

where several sets of weld parameters resulted in identical transition temperatures. From the

9
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Ta-8. 5W-1. 5Re-THF(NASV-19)
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n =0.51
[ Ta-10W-1Re-0. 5Hf
(NASV-21)
i n=2234
-~
5 -
o Ta-7. 5W-1. 5Re-0, 5HF-0. 015C-0. 015N
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FIGURE 3 - Stress Dependence of Experimental Tant%lum Base Alloys
(Specimens Annealed for 1 Hour at 1650 C(3000 F) Prior to Test)

(¢ =1/t where t =time to 1% strain)
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TABLE 8. Results of Weld Parameter Study for Compositions NASV-12,
NASV-13, 18, 19, 20, and 21. '

Ductile-Brittle Transition Temp.(oF)(c) Ductile-Brittle Transition Temp.(oF)Ya
for Narrow(@) TIG Welds for Welding | for Wide®) TIG Welds for Welding
Parameters of; Parameters of;

Composition and| 7.5 ipm 15 ipm 30 ipm 7.5 ipm 15 ipm 30 ipm

Heat Number | 76 amps 80 amps 124 amps| 103 amps 118 amps 158 amps

Ta-7.5W-1.5Re +100 +100 +100 +75 +125 +125

-0.05Hf-0.015C

-0.015N

(NASV-12)

Ta-6.5W-2.5Re +75 -125 -200 +100 -150 -175*%

-0.3Hf-0.01C

-0.01IN

(NASV-13)

Ta~5W-1Re =175 -250 -250 -250 -250* -225

-0.3Zr-0.02N

(NASV-18)

Ta-8.5W-1.5Re -225 -225 -250 -200 -250* -225

-1.0Hf

(NASV-19)

Ta-8W-1Re -200 <=-250* <-250 -250 -175 ~200

~0.7Hf-0.025C

(NASV-20)

Ta-10W-1Re- -175 -225 -250 -200 -225 -250*

0.5Hf

(NASV-21)

(@) Narrow TIG welds taper from 0.100 to 0.140 inches at top to 0.000 to 0.090
inches at bottom.
(b) Wide TIG welds taper from 0.160 to 0.200 inches at top to 0,110 to 0.190
inches at bottom.
(c) Bend test conditions - bend radius 1t, ram speed, 1 inch per minute. DBTT defined
as lowest temperature for full 90° bend without evidence of failure.
Optimum Welding Parameters

*

14
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data presented in Table 8, it can be seen that the transition temperatures of all six compositions
were relatively insensitive to weld width. The transition temperatures were also relatively
insensitive to welding speed for all of the compositions except for NASV=-13, where increased
speeds resulted in significantly increased weld ductility. Because of its response to welding
speed, it was also decided to study composition NASV-13 as welded by a non-optimum set of

weld parameters for the purpose of comparing the relative effects of post weld annealing.

TABLE 7. Tungsten Inert Gas Weld Parameters for Weldability
and Thermal Stability Evaluation of Compositions
NASV-12, 13, 18, 19, 20, and 21.

Clamp Welding Welding

Weld Spacing Speed Current

Number (in.) (ipm) (amps)
1 3/8 7.5 76
2 3/8 7.5 103
3 3/8 15 80
4 3/8 15 118
5 3/8 30 124
6 3/8 30 158

b. Post-Weld Anneal Series — A series of TIG bead-on-plate welds was made on

each of the six compositions using the optimum weld parameters determined in the previously
discussed weld parameter study. A similar series of welds was also made on composition
NASV-13, using the non-optimum weld parameters. All of the welded specimens were then
post-weld annealed per the schedule outlined in Table 9. The results of ductile-brittle
transition temperature determinations on the post-weld annealed specimens are recorded in
Table 10. Compositions NASV-12, NASV-18, NASV-19, NASV-20, and NASV-21 exhibited
little or no response to aging. However, composition NASV-13 welded by both sets of weld
parameters, exhibited a significant aging response as indicated in Figure 4. These results are

in agreement with the results of the weld parameter study where only composition NASV-13
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was sensitive to changes in weld parameters. Furthermore, the results of the two-hour post-
weld anneals were as expected with respect to aging response (i.e., overaging' and the con-
current reduction in transition temperature occurred at a significantly lower temperature
and/or shorter time at a given temperature in the material welded using the non-optimum

weld parameters where partial aging had already occurred).

TABLE 9. Post-Weld Annealing Schedule for
Compositions NASV-12, 18, 19, 20,

and 21,
e __

Time Temperatures
(hrs) (°Q) (°F)

2 1200 2190

2 1300 2370
10 1300 2370

2 1400 2550

c. Oxygen Contamination Series — Each of the six compositions was contaminated

to two levels of oxygen in order to study the effect of oxygen contamination on their weld-
ability and thermal stability. Contamination levels of 150 ppm and 350 ppm oxygen were

(2).

chosen from experience with similar tantalum base alloys These levels were expected to
bracket the range of greatest property change with contamination level. The oxidation was
accomplished by using a partial pressure of 500 ppm oxygen in ultra pure helium at doping
temperatures of 427 to 537°C (800 to 1000°F). An oxygen gage was used on the outlet side
of the apparatus to provide an in-process measurement of the amount of oxygen consumed,
which was then related to the oxidation rate. The doping temperature was gradually adjusted

from 427°C (800°F) to 537°C (1000°F) to maintain an average oxygen weight gain of 20 ppm

per hour. Weight gain was used to measure oxygen pickup. The effectiveness of this procedure
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FIGURE 4 - Effects of Post Weld Annealing on the Ductile-Brittle Transition
Temperature of NASV-13 (Ta-6. 5W-2. 5Re-0. 3Hf-0.01C-0. 01N)
{0-2 Hour Post Weld Anneal, A-10 Hour Post Weld Anneal)
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has been verified previously by chemical analyses for both oxygen and extraneous contamina-

tion(z). The adherent oxide film produced at the doping temperatures was subsequently

diffused into the specimen by annealing for 50 hours at 982°C (1800°F). The apparatus and

process control are described in more detail elsewhere(3).

Oxygen contamination data, as determined by weight gain after the 50-hour diffusion
anneal, are recorded for the six compositions in Table 11. The low level contamination values
(125 to 180 ppm) bracket the desired 150 ppm oxygen value, but the high level contamination
values were generally lower than the intended 350 ppm oxygen level, especially for composi-
tions NASV-12, NASV-20, and NASV-21, Chemical analyses of the six compositions (both
contamination levels) will be determined to verify the oxygen pickup and to check for

nitrogen and carbon contamination.

TABLE 11. Oxygen Content (Calculated) from Weight Gain Dafo(a) for
Compositions NASV=-12, 13, 18, 19, 20 and 21

b Oxygen Content
Low Level High Level
‘ Composition ppm O2 ppm O2

Ta-7.5W~1.5Re-0.5Hf-0.015C~-0.015N 130 230 to 305

(NASV-12)

Ta-6.5W-2.5Re-0.3Hf-0.01C-0.01N 180 310 to 350

(NASV-13)

Ta-5W-1Re~0.3Zr-0.02N 135 240 to 340

(NASV-18)

Ta-8.5W~-1.5Re~1.0Hf 135 335to 370

(NASV=-19)

Ta-8W-1Re-0.7Hf-0.025C 160 245 to 295

(NASV-20)

Ta-10W-1Re-0.5Hf 125 205 to 210

(NASV-21)

(a) After 50 hour/1800°F (982°C) diffusion anneal.
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The doped specimens were then TIG welded using the previously determined optimum
weld parameters and evaluated for weldability. The results are recorded in Table 12, along
with results previously obtained for T=111 (Ta-8W-2Hf), T-222 (Ta-10W-2.5Hf-0.015C), and
FS-85 (Cb-27Ta-10W=1Zr). As can be seen, there is a significant increase in transition tem=-
perature for all of the compositions as the oxygen content is increased. The failures that

occurred during welding of the highly doped NASV =19 material are shown in Figure 5.

B. FOUR INCH DIAMETER INGOT SCALE-UP

Processing and evaluation of ASTAR 811C (Ta-8W=-1Re-0.7Hf-0.025C)(heat NASV-

20),continued.

Secondary Working — A 18-inch by 6.4-inch by 0.240-inch plate of heat NASV-20

processed from a side forged 4-inch diameter ingot, was annealed for one hour at 1480°C
(2700°F) in @ vacuum of <5 x ]0-5 torr and then cross rolled to a 0.040-inch thickness at
room temperature. The resulting 18-inch by 33-inch sheet is shown in Figure 6. The mottled
appearing surface was caused by the hot breakdown rolls used for the cold finishing. Other-
wise, the sheet was sound and free of defects. Because the thermal-mechanical history of this
sheet differed from the previously evaluated NASV-20 sheet, additional mechanical property

and weldability evaluation will be performed on this sheet. This particular sheet has been

identified as NASV-20WS,

Recrystallization Behavior — The effect of one hour annealing treatments on the micro-
structure, hardness, and grain size of ASTAR 811C was determined from 1200 to 2000°C
(2192 to 3632°F) on 0.06 and 0.04~inch sheet that had been reduced 73% and 33% respec-

tively. These data are recorded in Table 13. The log of grain size, as determined by the

standard line intercept method, is plotted versus the reciprocal of the absolute temperature
in Figure 7. The significance of the temperature (1580°C/2850°F) at which the slope of the
curve changes is not precisely known, but could be attributed to solution and/or agglomeration

of second phase particles.
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Weldability — Bead-on-plate tungsten inert gas welds, made on 0. 04-inch and 0. 05-
inch NASV-20 sheet which had been processed from the side forging and annealed for one
hour at 1650°C (3000°F), were examined. Both welds were made using a welding speed of
15 inches per minute and a clamp spacing of 3/8 inch. The microstructure of the two welds
were essentially identical. One half of an as-welded transition temperature specimen of the
0. 04-inch sheet is shown in Figure 8. Also included in the figure are several high magnifi-
cation inserts of areas of specific interest. The weld zone and its dendritic structure was
quite typical of the tantalum base alloys being studied under this contract. An extremely
fine precipitate was observed in some grains at 1500X (see insert A)., Appreciable epitaxial

grain growth was also observed across the weld-heat affected zone interface.

The heat affected zone, as characterized by the dissolution of the tantalum dimetal
carbide precipitates, extended approximately 100 mils into the specimen on either side of
the weld. Appreciable grain growth, however, was limited to a zone approximately 35 mils
on either side of the weld. A well developed substructure was frequently observed within
this area of grain growth (insert B). This substructure has previously been observed in the
heat affected zones of T=111 (Ta-8W=-2Hf) and T-222 (Ta-10W-2.5Hf-0.01C) tungsten inert
gas welds also. The heat affected zone near the base metal was characterized by only partial

dissolution of the tantalum dimetal carbide precipitates (insert C).

Hardness traverses were taken across the two specimens. The diamond pyramid hardness
profiles, shown in Figure 9, are very similar. Solution of carbon is probably responsible for
the increased hardness of the weld metal and heat affected zones. As can be seen, the extent
of the total weld plus heat affected zones is very largely controlled by the clamp spacing
(i.e., the total width of the weld plus heat affected zones is very close to the 3/8 inch clamp
spacing for both specimens, even though the width of the weld in the 0.050-inch sheet is
appreciably wider than that in the 0.040-inch sheet). As indicated in Section A, ASTAR 811C

does not appear to be subject to aging which significantly impairs low temperature ductility.
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FIGURE 9 - Hardness Traverses of TIG Welded ASTAR 811C

(Ta-8W-1Re-0. 7Hf-0. 025C) Specimens
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Mechanical Properties

a. Tensile Properties — Tensile data were obtained on 0. 04-inch thick sheet speci-
mens of ASTAR 811C at 816, 1093, 1205, 1427, and 1538°C (1500, 2000, 2200, 2600, and
2800°F). The sheet was processed from the side forging and the specimens were annealed for
one hour at 1650°C (3000°F) prior to testing. These data are recorded in Table 14 and in

Figure 10, along with the previously obtained tensile data on ASTAR 811C (NASV-20).

Fracture areas from tensile specimens previously tested at -195, 21, 315, and 1315°C
(-320, 70, 600, and 2400°F) were metallographically examined. The results are shown in
Figure 11. Those specimens tested at the lower temperatures failed predominantly in an
intergranular manner even though they exhibited uniform elongations in excess of 15% and
total elongations ranging from 24 to 35%. Of special interest is the type of failure exhibited
by the specimen tested at -195°C (-320°F), Figure 11a. This failure is similar in appearance
to wedge-type intercrystalline fracture as caused by grain boundary sliding at elevated tempera-
ture and was not expected. The relative amount of the intergranular failure, apparently

associated with the grain boundary carbides, decreased with increasing test temperature.

Bead-on-plate tungsten inert gas welds were made on annealed (one hour at 1650°C/
3000°F) 0. 05-inch thick NASV-20 sheet to evaluate the effect of welding on room tempera-
ture and elevated temperature tensile properties. The weld parameters and resulting micro-
structure were discussed earlier. The ductile-brittle transition temperature of the as-welded
material was determined to be ~129°C (~200°F) and is in good agreement with previously
obtained data on as-welded 0. 04-inch ASTAR 811C sheet. Tensile specimens were machined
from the as-welded sheet such that the specimen axis was either parallel or perpendicular to
the weld axis. These specimens were then ground to a thickness of 0. 04-inch and tested at
-195, 21, 982, 1315, and 1427°C (-320, 70, 1800, 2400, and 2600°F). These data are
recorded in Table 15 and plotted as a function of temperature in Figure 12. In all cases the
welded specimens had higher yield and ultimate strengths than obtained on unwelded specimens

while still retaining good ductility. From the earlier microstructural study, which indicated
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FIGURE 11. Fracture Characteristics of ASTAR 81 1C (Tc-8W 1Re-0. 7H\c 0. 025C)
Ten5||e Spec1mens Tested at g a) =195 C/—320 F; (b) -101°C/-150°F,
() 21 C/7O F, and (d) 1315 C/2400 F. 150X
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that the width of the weld and heat affected zones were 3/8 inch, it was clear that the entire
1/4 inch wide gage length of the longitudinal welded specimens was composed of weld metal
and heat affected metal (i.e., no base metal was contained in the gage length). Thus the
increase in strength undoubtedly arises from resolution of carbides in the weld zone during
welding. Weld efficiencies of the transverse welded specimens at -195 and 21°C (-320 ond
70°F) were 107 and 102% respectively. These increases in strength in the transverse welded
specimens are most likely due to the shortening of the effective gage length composed of the
weaker base metal. Audible clicks, indicative of twinning, were heard during testing of both
the transverse and longitudinal welded specimens at =195°C (-320°F). Indications of twinning
were also observed on the stress—strain curves of the two specimens. All of the welded tensile

specimens are presently being examined metallographically.

b. Creep Properties — Creep testing of NASV-20 sheet was initiated during this per-

iod and the data obtained are listed in Table 16. Creep data on NAS-56 which is an earlier
heat having the same composition is also shown and is in good agreement with the present
data. Creep tests on ASTAR 811C are scheduled to be run over the temperature range of
2200-2800°F and at stress levels of 4000 to 18,000 psi. The effect of final annealing tem-
perature on the creep resistance will be studied. Specimens of as-TIG welded sheet were
machined and will be evaluated during the next period. The weld bead is parallel to speci-

men axis.

TABLE 16. Results of Creep Tests on ASTAR 811C at 1315°C (2400°F)
and at 1 x 107° Torr

Prior Test Total Time(hrs. ) to !
Treatment Stress Duration | Elongation Elongate
(psi) (hrs. ) (%) 0.5% 1.0%
Annegled 1 hr at @1 12,500 531 0.03 300 (570)%
1650°C (3000°F)
Annealed 1 hrat ® | 12600 | 1926 | 0.25 | @79 770

1650°C (3000°F)

(@) Data for heat NASV-20
(b) Data for heat NAS-56

(c) Extrapolated

1
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C. PHASE IDENTIFICATION

The identity and morphology of phases present in 0,04 inch ASTAR-811C sheet,
processed from the side forging and annealed for one hour at 1650°C (3000°F), was
investigated. The microstructure of the sheet is shown in Figure 13. Except for a smaller
grain size (0. 03 mm), as determined by the standard line intercept method, the microstructure

(5)

appeared to be quite similar to that of the side forged ingot ~'. As previously observed for
heat NASV-20, the residue chemically extracted from the annealed sheet consisted solely
of the HCP tantalum dimetal carbide, (Ta,W)2C1_X. The residue was also studied by
transmission electron microscopy. Figures 13b and 13c illustrate the general appearance
of the precipitates. As in the case of both the as-cast and the side forged ASTAR-811C
material, the tantalum dimetal carbides consisted mostly of flower-shaped plafelets(s).
However, these platelets were generally smaller than those found in the cast material. The
carbide was also observed in the form of very small polyhedra, 0. 05 to 0. 2u (Figure 13c)
similar to those in the cast material. However, none of the irregular precipitates found in
the side forging were present. Thus in spite of the similarity in microstructural appearance

with the side forged material, the morphology of the carbide precipitate in the annealed

sheet is more nearly similar to that in the cast material.

In order to completely study the morphology of the precipitate occurring within
ASTAR-811C, a procedure for producing thin films for transmission electron microscopy was
developed. This procedure consists of mechanically thinning specimens to a thickness of 3
to 5 mils by grinding on silicon carbide papers of 120, 240, 320, 400, and finally 600 grit.
The specimens are then electro-polished between two stainless steel cathodes in a con-
tinuously sitrred electrolyte of 85% H2504 and 15% Hf, which is maintained at room
temperature. A current density of 25ma/cm results in optimum polishing. Removal of the
specimens from the electrolyte for inspection is permissible as long as the voltage is main-

tained and the anolyte layer is not washed from the specimen surface.
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FIGURE 13. Optical and Electron Micrographs of Annealed (1 Hr. at

165O°C/30000F) 0.04 inch ASTAR 811C (Ta-8W-1Re
-0.7Hf-0.025C) Sheet
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D. ALKALI METAL COMPATIBILITY

The tantalum base alloys developed on this contract are of potential interest for alkali
metal containment. However, there has been concern about the use of nitrogen as a strength-
ener for liquid metal loop systems. The NASA project manager arranged with CANEL (Pratt
& Whitney) to evaluate the effects of flowing lithium at 1204°C (2200°F) on the stress rupture
properties of the carbonitride strengthened composition NASV-8 (Ta-5.7W-1.56Re-0.7Mo~
0.75Hf-0.13Zr-0.015C-0.015N). Of special interest was the stability of the nitrides in the
liquid lithium. It was planned to determine the creep rupture properties of the composition
in three conditions: 1) after a 1000-hour exposure to liquid lithium at 1204°C (2200°F) ina
flowing lithium loop; 2) after a 1000-hour anneal at 1204°C (2200°F) in static argon, and

3) in the as-annealed condition.

The NASV-8 sheet shipped to CANEL had been cold rolled to 0. 06-inch thick,
annealed for one hour at 1700°C (3092°F), and cold rolled to 0. 04-inch thick. The 0.04-inch
sheet was then annealed for one hour at 1650°C (3000°F) at CANEL. Initially several specimens
were creep rupture tested in Cb=1Zr capsules containing static tiquid lithium. Specimen No.

1 was tested at 1204°C (2200°F) under an applied stress of 15,000 psi and specimen No. 2 was
tested at 1094°C (2000°F) under an applied stress of 35,000 psi. These tests were suddenly term-
inated after 243.2 hours and 231.7 hours respectively because of CANEL's shutdown. These two
specimens and a third control specimen (No. 3) (in the annealed for one hour at 1650°C/3000°F
condition) were returned to Westinghouse for evaluation. A cross section of each specimen's
gage length was analyzed for nitrogen content by the Kjeldahl method. The results of the
analyses were 0.026, 0. 021, and 0.014% nitrogen for specimens 1, 2, and 3 respectively. The
nitrogen analysis of the control specimen (No. 3) is in good agreement with the nominal
nitrogen content of 0. 015 nitrogen. Thus, an appreciable net diffusion of nitrogen into the
specimens had occurred. To determine the extent of the existing nitrogen gradient, 15 mils

were electropolished* from the cross section of a second piece of the gage length of specimen

. o~ . .
*Electropolishing was done in an 85 mil H,SO,4~15 mil Hf solution at 22°C using a stainless
steel cathode, 12-15 velts, and 200-300 ma.
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No. 1. Analysis of this specimen indicated a nitrogen content of 0.016% (i.e., just slightly
higher than that of the pre-exposure nitrogen level). This result indicated that a large nitro-
gen gradient existed in the outer 7-1/2 mil surface layer, which had an average nitrogen
content of approximately 0.042%. Metallographic examination of the two creep rupture
tested specimen's gage sections, however, failed to indicate any differences in microstructure

from the surface (Figure 14a) to the center (Figure 14b) due to the nitrogen gradient.

Discussions with CANEL personnel provided no definite explanation of the nitrogen
contamination. However, the most probable cause would be loss of cover gas during the
sudden shutdown of the whole bank of test equipment. This shutdown consisted of turning off
the furnaces and letting the capsule furnaces cool to room temperature, allowing sufficient
time for contamination and diffusion to occur. As the source and degree of contamination,
and the time-temperature environment during contamination are all uncertain, the results of
this evaluation are inconclusive. However, the results do indicate the need for further work
in the area of nitrogen stability in nitride strengthened tantalum base alloys having potential

use in liquid metal loop systems.

i, FUTURE WORK

During the next quarterly period it is planned to accomplish the following:

1. Continue the creep resistance evaluation of ASTAR 811C.

2. Continue phase identification and morphology studies in detail on
composition ASTAR 811C.

3. Establish the compositions of the second and third 4-inch diameter

optimized compositions, and initiate electrode fabrication.
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FIGURE 14 - Microstructure of Nitride Strengthened NASV-8 (Ta-5. 7W-1. 56Re-0, 7Mo-
0.75Hf-0. 13Zr-0,015C-0.015N) Creep Rupture Spemmen No. 2, Tesfed
for 232 Hrs. Under an Applied Stress of 35,000 psi at 2000°F (1094°C) in
Liquid Lithium. 500X
(Etchant - 1 part HN03, 1 part HF, 2 parts glycerine)
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